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^ WBLLBORB CASING ^^3^0 
Background of the Invention 

This invention relates generally to wellbore 
casings, and in particular to wellbore casings that are 
5 formed using expandable tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
10 or inflow of fluid from the formation into the 

borehole. The borehole is drilled in intervals whereby 
a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval . As a consequence 
15 of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening-, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
cuttings drilled and removed. 

The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 



20 



1 



Summaiy of the Invention 

According to one aspect of the present invention, there is provided a 
wellbore casing, comprising a tubular Hner, the tubular liner fomied by the 
process of: placing the tubular liner and a mandrel vwlhin the wellbore; 
pressurising an interior portion of the tubular liner by injecting a fluidic material 
into the interior portion of the tubular liner through the interior of the mandrel; 
extnjding the tubular liner off of the mandrel; and an annular body of a cured 
fluidic sealing material coupled to the tubular liner, wherein during the 
pressurising the interior portion of the tubular liner is fluidicly isolated from an 
exterior portion of the tubular liner. 

According to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner 
that overiaps with an existing casing within the well, the tubular Uner fonned by 
the process of: extniding the tubular liner off of a mandrel within the wellbore 
by injecting a fluidic material into the tubular Uner through the interior of the 
mandrel and pressurising an interior portion of the tubular liner; a seal 
positioned in the overiap between the tubular liner and the existing wellbore 
casing; and an annular body of a cured fluidic seiuing material coupled to the 
tubular liner; and wherein during the pressurising the Interior portion of the 
tubular liner Is fluidicly isolated from an exterior poiiion of the tubular Hner. 

According to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner, 
the tubular liner fomied by the process of; placing the tubular liner and an 
expansion device within the wellbore; pressurising ar interior portion of the 
hjbular liner by injecting a fluidic material into the Interior portion of Uie tubular 
liner through the interior of the expansion device; radially expanding the tubular 
liner using the expansion device; and a2n annular body of a cured fluidic 
sealing material coupled to the tubular liner; wherein during the pressurising, 
Uie interior portion of the tubular liner is fluidicly isolated from an exterior 
portion of the tubular liner. 



Accordir^ to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner 
that overlaps with an existing casing v^thin the wellbore, the tubular liner 
formed by the process of: radially expanding the tubular liner within the 
wellt>ore using an expansion device by Injecting a fluidic material into the 
tubular liner through the interior of the expansion device and pressurising an 
interior portion of the tubular linen a seal positioned in the overlap between the 
tubular liner and the existing wellbore casing; and an annular body of a cured 
fluidic sealing material coupled to the tubular liner, wherein during the 
pressurising the interior portion of the tubular liner is fluldicly isolated from an 
exterior portion of the tubular linen 

According to another aspect of the present invention, there is provided a 
wellbore casing for a wellbore, comprising: a tubular liner, the tubular liner 
fonned by the process of: expanding an expandable tubular using an expansion 
device within the wellbore by injecting a fluidic matericd into the expandable 
tubular through the interior of the expansion device and pressurising an interior 
portion of the expandable tubular; and an annular body of a cured fluidic 
sealing material coupled to the tubular liner; wherein the expandable tubular 
comprises: a first tubular portion having a first inside diameter, a second tubular 
portion having a second inside diameter; and an intermediate tapered tubular 
portion for coupling the first and second tubular portions to each other, an'! 
wherein the first inside diameter is greater than the second inside die .neter; 
and wherein during the pressurising the interior portion of the expandable 
tubular is fluidicly isolated from an exterior portion of the expandable tubular. 

Brief Description of the Drawings 

FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well l>orehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for creating a casing within the new section of 
the well borehole. 



FIG. 3 is a fragmentary cross-sectional view Illustrating the injection of a 
first quanUty of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view iUustratii^ the 
injection of a first quantity of a hardenable fluidic sealing material into the new 
section of the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 

FIG. 5 is a fragmentary cross-sectional liew illustrating the drilling out of 
a portion of the cured hardenable fluidic sealing material from the new section 
of the well borehole. 



HG. 6 is a ctoss-sectional wew of an embodiment of the overtyping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of apparatus for creating a 
casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a prefened embodiment of an 
apparatus for fonning a casing including a driUable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional iUustration of the apparatus of FIG. 9. 



FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
^ adjacent overlapping casings. 

FIG. 10b IS a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 1 Oc is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel. 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. 1 Of is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within die new section 
20 of the well borehole. 

FIG. 1 1 c is a fragmentary cross*sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a v\dper dart into the new section of the well borehole. 

FIG. 1 1 e is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 
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Detailed Description of the Illustrative Embodiments 

^ An apparatus and method for forming a wellbore casing within a 

subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be fonned in a subtenanean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The appeuratus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore ccising 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fonning a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method pemnits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner In a 
30 wellbore is also provided. The apparatus and method pemiit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
lor forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Pig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an esdsting cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean formation is then positioned in the new section 130 of the wellbore 
100. The apparatus 200 preferably includes an expandable mandrel or pig 206, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferabfy adapted to controUably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool as 
disclosed in U.S, Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubxilar member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Coimtty Tubular Goods (OCTG), 13 chromiiun steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubtdar member 210 is 

30 fabricated fix)m OCTG in order to maximize strength after e3q)ansion. The inner 
and ottte- diameters of the tubular member 210 may range, for example, from 
approximately 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121 .92 cms 
(1.05 to 48 inches), respectively. In a preferred 
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embodiment, theinnerandouterdiametersof thetubularmember210rangefrom 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 
in order to optimally provide minimal telescoping effect in the most commonly driDed 
wellbore sizes. The tubular member 2 10 preferably comprises a solid member. 
5 Inapreferred embodiment, the endportion260of the tubularmember210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 2 1 0 materials, the length of the 

10 tubular member 210 is preferably limited to between about 12.192 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

1 5 example, Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubular member 2 1 0 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overiapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 1 5 includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 2 1 5 optimally injects hardenable fluidic sealir^ material into the 
region outside the shoe 2 1 5 and tubular member 2 1 0. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an irilet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 
^ woO, The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Ii^ection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Services in Dallas, TX in order to optimally block foreign 
material and contain a body of lubricant. 
10 The upper cup seal 226 is coupled to and supported by the support member 

250. The upper cup seal 225 prevents foreign materials frtDm entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
nimiber of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Hallibuzton Energy Services in Dallas, TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 2 10 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 260 and the e3q)andBble mandrel 206. The fluid passage 230 preferably 
extends fix)m a position adjacent to the surface to the bottom of the eq>andable 
mandrel 205. The fluid piassage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 
to 9,000 psi) in order to minimize drag on fte tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

30 

The fluid passage 235 permits flmdic materials to be released firom the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



lO 



^ new section 180 of the wellbore 100, fluidic inaterials 255 forced up the fluid 
^jassage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
6 passage is fiirther fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferabty includes a control valve for controllabbr 
opening and dosingthe fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 

fluidpas8age236ispreferablypositionedsubstantialfyorthogonaltothecenterline 
10 of the apparatus 200. . 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 daring insotion into the new section 130 of the wellbore 100 and to 
15 minimize suige pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
_ from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the mterior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape thatpermitsaplug. or other similar device, to be placed in fluid passage 240 
totherebyblodcfiirtherpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluididyisolatedfromtheregionexteriortothetubularmember210. Thispermits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 

to be pressurized. The fluid passage 240 is preferably positioned substantiaUy 

along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
30 11356.2355 litres/minute (0 to 3.000 gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 

psi) in order to optimally fill the annular region between the tubular member 210 and the 
_ new section 1 30 of the wellbore 100 with fluidic materials, hi a prefeired embodiment, 

the fluid passage 240 

II 
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^includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
( A this manner, the fluid passage 240 can be sealed off by iniroducing a plug, dart 
and/or ball sealing elements into the fluid passage 230, 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210, The seals 245 are flutter positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular member 210 to be fluididy sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, rubber. Teflon™, or epoxy seals modified in accordance with the teachings of 
the present disclosure. In apreferred embodiment, the seals 246 are molded from 
Stratalockepojy available fromHafliburtonEnergyServicesinDallas, TXin order 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
16 In a preferred embodiment, the seals 246 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges fiom about 68.94757 to 68,947.57 bar (1 .000 to 
1,000,000 Ibf) in order to optimaUy support the expanded tubular member 210. 
20 The support member 260 is coupled to the expandable mandrel 205, tubular 

member 210. shoe 216, and seals 220 and 226. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 260 farther inchides one or more conventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 

tubular member 210. In this manner, the extrusion of the tubular member210off 
of the expandable mandrel 205 is facilitated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, for example. 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 

iz 
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Antideze (3100) availablefrom CliinaxLubncanis and Equipment Co. in Hoiiston, 
.X in opder to optimally provide optimum lubrication to fadliate the expansion 
^ process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minimizes the possibility offoreign material doggingthe various flowpassages and 
valves of the i^paratus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 

10 within the new section 130 of the wellboro 100, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weUbore 100 that might clog up the various flow passages and valves of the 

apparatus200 and to ensure thatnoforeign material interferes with the expansion 
process. 

15 A8ilhistratedinPig.3.thefluidpassage235isthenclo8edandahardenable 
fluidic sealmg material 305 is then pumped from a surface location into the fluid 
^ passage 230. The material 305 then passes from the fluid passage 230 into the 
mterior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 306 
causes the material 305 to fiU up at least a portion of the annular regioh 316. 
The material 305 is preferably pumped into the amiular region 315 at pressures 
25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litres/minute (0 to 1,500 gaUonsAnin), respectively The optimum flow 
rate and operating pressures vary as a fiinction of the casing and weUbore sizes, weUbore 
section lengUi. available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably detennined 
using conventional empirical methods 

30 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
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* for example, slag mix, cement or epoxy. * In a preferrecl embodiment, the 
^ hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empiriccil 
methods. 

The annular region 3 1 5 preferably is filled with the material 305 in sufficient 
10 quantities to ensure that, upon radial expansion of the tubular member 210, the 
annular region 315 of the new section 130 of the wellbore 100 will be filled with 
material 305, 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 
1 5 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthemiore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a plug 405. or other similar device, is introduced into the 
fluid passage 240 thereby fluidlcly isolating the Interior region 3 1 0 from the annular 
region 31 5. In a preferred embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 310 causing the interior region to pressurize. 
In this manner, the interior of the expanded tubular member 21 0 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
the entire process. Altematively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 21 0 is extruded off of the expandable mandrel 205. During the extmsion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extmsion 
• process, the mandrel 205 is raised at approximately the same rate as the tubular 



member 210 is expanded in order to keep t};^ ti^uIar'xDMber ZIO *jtationaiy 
^ .elative to the new wellbore section 130. \n an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 xmder the force of gravil^r. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to flmdicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any nimiber of conventional commercially 
available devices firom plugginga fluidpassage such as, for example. Multiple Stage 
Cementer (MSC) latch-down plug, Om^ latch--down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pmnped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 27.579028 to 689.4757 bar (400 
20 to 10,000 psi) and 1 13.5623 to 15141.6473 litres/minute (30 to 4,000 gallons/min). In 
this manner, the amount of hardenable fluidic sealing material within the interior 310 of 
the tubular member 2 10 is minimized. In a preferred embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably pumped 
into the interior region 3 10 at pressures and flow rates ranging fiom approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 
25 to 3,000 gallons^un) in onlcr to maximize the extrusion speed 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
_ of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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preferred embodiment, the operating pressuwis reduced m a substantially linear 
xashion from 100% to about 10% during tke end of the extrusion process beginning 
when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extrusion 
process. 

5 Alternatively, orincombination, ashockabsorberisprovidedin the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may coi&prise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the weUbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion270 of the casing 115 is satisfactory, 
then any uncured portion ofthe material 305 within the eq)anded tubular member 
20 210 is then removed in a conventional maimer such as, forexample, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then puUed out ofthe wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the azmular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the escpanded tubular member 210 and an outer 
30 annular layer 515 ofcured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 216 and dart 405 using conventional drilling methods. 

n 



In a prefened embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 2 1 0 is pressure-tight and the pressure on the interior and exterior surfaces 
of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are sealed within 
recesses 6 1 5 formed in the outer surface 265 of the upper portion 260 of the tubular 
member 2 1 0. In an altemathre preferred embodiment, the sealing members 605 are 
1 0 bonded or molded onto the outer surface 265 of the upper portion 260 of the tubular 
member210. Thepressurerelief holes 610 are preferably positioned in the last few 
feet of the tubular memt>er 210. The pressure relief holes reduce ttie operating 
pressures required to expand tiie upper portion 260 of ttie tubular member 210. 
This reduction in required operating pressure in turn reduces ttie velocity of tiie 
15 mandrel 205 upon the completion of the extrusion process. This reduction in 
velocity in turn minimizes tiie mechanical shock to the entire apparatus 200 upon 
the completion of the extmsion process. 

Referring now to Fig. 7, apparatus 700 for forming a casing witiiin a wellbore 
preferably includes an expandable mandrel or pig 705, an expandable mandrel or 
20 pig container 7 1 0, a tubular member 7 1 5, a Ooat shoe 720, a lower cup seal 725, an 
upper cup seal 730, a fluid passage 735, a fluid passage 740, a support member 745, 
a body of lubricant 750, an overshot connection 755, anottier support member 760, 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
25 member 745. The expandable mandrel 705 Is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with tiie teachings of tiie present disclosure. The 
30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095. the contents of 



r which are incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 7 1 0 Is further coupled to 
5 the expandable mandrel 705. TTie expandable mandrel container 710 may be 
constnicted from any number of conventional commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel. Utanlum or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which the 
10 tubular member 715 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner wall thickness than the tubular 
member 210. This pemiits the container 710 to pass through tight clearances 
thereby fadHlating its placement within the wellbore. 

Once the expansion process begins, and the thicker, lower strength material 
15 of the hibular member 715 is expanded, the outside diameter of the tubular 
member 715 is greater than the outside diameter of the container 710. 

■n»e tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

d.rectionandextmdedoffoftheexpandablemandrel705substantiallyas described 
20 above withreferencetoFigs. I^. The tubularmember 715 maybe fabricated from 
any number of materials such as. for example. Oilfield Cbuntiy Tubular Goods 
(OCTG). automoth^e grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

Thetubularmember715preferablyhasasubstantiallyannularcross-section 

25 ThetubuIarmember715morepreferabIyhasasubslantiallycircularannularcross- 
section. 

The tubular member 715 preferably includes an upper section 805. an 
.ntemnedlate section 810. and a lower section 815. The upper section 805 of ttie 
tubular member 7 1 5 preferably Is defined by the region beginning in the vicinity of 
30 the mandrel container 710 and ending witti die top section 820 of the tubular 
member715.TTieintemiedialesection810oftt,etubularmember7l5ispreferably 



defined by the region beginning in the vicinity of the top of the mandrel container 
7 1 0 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region t)eginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 715. 
5 The wall thickness of the upper section 805 of the tubular member 7 1 5 may 
be greater than the wall thicknesses of the intemiediate and lower sections 8 1 0 and 
815 of the tubular member 71 5 in order to optimally faciliate the initiation of the 
extrusion process and optimally penmit the apparatus 700 to l>e positioned in 
locations in the weUbore having tight clearances. 

1 0 The outer diameter and wall thickness of the upper section 805 of the tubular 
member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of the upper section 805 of the hibular member 715 may range 
fifom about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 

15 inches), respecthrety. 

The outer diameter and wall thickness of the intemnediate section 810 of the 
tubular member 715 may range, for example, from about 6.35 to 1 27 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the intermediate section 8 1 0 of the tubular member 

20 71 5 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.3175 to 3.175 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0. 1 5875 to 3. 1 75 (1/1 6 to 1 .25 inches), respectively. The outer diameter and wall thickness 

25 of the lower section 8 1 0 of the tubular member 7 1 5 may range from about 8.89 to 48.26 cms 
(3.5 to 19 inches) and 0.3175 to 3.175 cms (1/8 to 1.25 inches), respecUvely. The wall 
thickness of the lower section 815 of the tubular member 715 may be further increased to 
increase the strength of the shoe 720 vAien drillable materials such as, for example, 
aluminum are used. 

30 The tubular member 715 preferably comprises a solid tubular memt>er. The end 

portion 820 of the tubular member 715 may be slotted, perforated, or otherwise modified 
to catch or slow down the mandrel 705 when it completes the extrusion of tubular member 
715. The length of the tubular meml>er 715 may be 



( limited to minimize the possibility of buclclii^. For typical tubular member 715 
materials, the length of the tubular member 715 may be preferably limited to 
between about 12.192 to 6,096 m (40 to 20,000 feet in length). 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 may include the fluid passage 740. The shoe 720 may 
include an inlet passage 830, and one or more jet ports 835. The cross-sectional 
shape of the inlet passage 830 may be adapted to receive a iatch-down dart, or 
other similar elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of solid material 840 for increasing the strength of 
1 0 the shoe 720. The body of solid material 840 preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal 11 Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
15 down-jet guide shoe with a seaBng sleeve for a latch-down plug available from 
Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, In order to optimize guiding the tubular 
member 715 In the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the shoe 
20 720 by drilling It out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional conunerclally available cup 
25 seab such as, for example, TP cups or Selectee Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX. in order to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
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( numberof conventionalcommeiciallyavailablecupseals suchas, forexample, TP 
cups or Selective InjecUon Packer (SIP) cup modified in accordance with the 
teachings of the present disclosure. The upper cup seal 730 may comprise a SIP 
cup available ftom Halliburton Eneigy Services in Dallas. TX in order to opUmally 
5 provide a debris banier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be transported to and from 
the interior region of the tubular member 715 below the expandable mandrel 705. 
Thefluidpassage 735 is fluidicly coupled to the fluid passage 740. The fluid passage 
735 is preferably coupled to and positioned within the support member 760. the 
10 s"PPortmember745.themandrelconta.ner710.andtheexpandablemandreI705. 
The fluid passage 735 preferably extends fromaposition adjacent to the surface to 
the bottom of the expandable mandrel 705. The fluid passage 735 is preferably 
positioned along a centeriine of the apparatus 700. The fluid passage 735 is 
preferably selected to transport materials such as cement, drilling mud or epoxies 

15 atflowratesandpressuresrangingfromaboutl51.4164toll356.23551itres/mlnute 
(40 to 3.000 gallons/minute) and 34.473 to 620.528 13 bar (500 to 9.000 psi) in order 
to provide sufficient operating pressures to extmde the hibular member 715 off of 
the expandable mandrel 705. 

As described above with reference to Figs. 1-6. during placement of the 
20 apparatus 700 within a new section of a wellbore. fluidic materials forced up the 

fluid passage 735can be released into the wellbore above the tubular member715 
The apparatus 700 further includes a pressure release passage that is coupled to 
and positioned within the support member 260. The pressure release passage is 
further fluidicly coupled to the fluid passage 735. The pressure release passage 
25 preferably includes a control valve for controUably opening and closing the fluid 
passage. The control valve may be pressure acth^ted in order to controUably 
minimize surge pressures. The pressure release passage is preferably positioned 
substantially orthogonal to the centeriine of the apparatus 700. The pressure 

release passage ispreferably selected to convey materials such as cement. drilUng 
30 mud or epoxies at flow rates and pressures ranging from about 0 to 1892.7059 
litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar (0 to 1.000 
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psi) in order to reduce the drag on the zqTparatus f OO'diirii^fnseftion into a new 
^ section of a welttiore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 71 5. The fluid passage 740 Is preferably 
5 coupled to and positioned within the shoe 720 in fluidic communication with the 
interior region of the tubular member 71 5 below the expandable mandrel 705. The 
fluid passage 740 preferably has a cross-secUonal shape that permits a plug, orother 
similar device, to be placed in the inlet 830 of the fluid passage 740 to thereby block 
further passage of fluidic materials. In this manner, the interior region of the tubular 
10 member715 below the expandable mandrel 705 can be optimally fluididy isolated 
from the region exterior to the tubularmember 71 5. This permits the Interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
centerilne of the apparatus 700. The fluid passage 740 is preferably selected to 
15 convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally fill an 
annular region between the tubular member 71 5 and a new section of a weUbore 
with fluidic materials. The fluid passage 740 may include an inlet passage 830 
20 having a geometry ttiat can receive a dart and/or a ball sealing member. In ttiis 
manner, the fluid passage 240 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 further includes one or more seals 845 coupled to and 
supported by the end portion 820 of tiie tubular member 715. The seals 845 are 
25 fiirtherpositioned onan outer surfaceof the end portion 820 of tfie tubularmember 
715. The seals 845 pennit the overiapping joint between an end portion of 
preexisting casing and tfie end portion 820 of the tubular member 7 1 5 to be fluidicly 
sealed. The seals 845 may comprise any number of conventional commercially 
available seals such as, for example, lead, nibber, Teflon™, or epoxy seals modified 
30 in accordance with the teachings of ttie present disclosuie. The seals 845 may 
comprise seals molded from StrataLock epoxy available from HalUburton Energy 
Services in Dallas, TX in order to optimally provide a hydraulic seal and a load 
bearing 
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( interference fit in the overlapping Joint between the tubular member 7 1 5 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient frictional force to 
5 support the e}q>anded tubular member 7 1 5 fix)m the existing casing. The frictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 Ibf) in order to optimally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
15 accordance with the teachings of the present disclosure. The support member 745 
may comprise conventional driU pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 

20 In this manner, the extrusion of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1500Antisieze(3100). The 
lubricant 750 preferably comprises Qimax 1500 Antisieze (3100) available from 

25 HalUburton Energy Sendees in Houston, TX in order to optimally provide lubrication 
to laciUate the exbrusion process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably pemiits the support 
member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 
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( overshot connections such as, for example, Innerstring Sealing Adapter, Innerstrir^ 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The overshot connection 
755 preferably comprises a Innerstring Adapter witii an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a vvellt>ore. The support member 760 may 
comprise any number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. The support 
meml>er 760 preferably comprises a conventional drill pipe available from steel 
mills in the United States. 

The stabilizer 765 is preferably coupled to ttie support member 760. The 
1 5 stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter tfiat is about 80 to 99% of the interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
20 commercially available stabilizers such as, for example, EZ Drill Star Guides, packer 
shoes or drag blocks modified in accordance witti the teachings of tiie present 
disclosure. The stabilizer 765 may comprise a sealing adapter upper guide available 
from Halliburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 
25 assembly to ttie remaining portions of ttie apparatus 700. In this manner, ttie 
introduction of foreign material into the £Q>paratu5 700 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 700. 

Before or after positioning the apparatus 700 wittiin a new section of a 
30 welttx)re, a couple of wellbore volumes are circulated 
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( through the various flow passages of the apparatus 700 in order to ensure that no 

forelgnmateriabarelocated within the wellborethatmightclogup the various flow 
passages and vah^es of the apparatus 700 and to ensure that no foreign materia] 
interferes with the expansion mandrel 705 during the expansion process. 
5 The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to form a new section of casing within a wellbore. 

As illustrated in Fig. 8, in an altemative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubular liner 810 inside of the existing wellbore casing 805. Inapreferred 
1 0 embodiment, an outer annular lining of cement is not provided in the repaired 
secUon. In the altemative preferred embodiment, any number of fluidic materials 

can be used to expand tiietubularlinergiomto intimate contact with Uie damaged 
section of ttie wellbore casing such as. for example, cement, epoxy. slag mix. or 
drilling mud. In ttie altemative prefened embodiment, sealing members 815 are 
15 preferably provided at botfi ends of tiie tubular member in order to optimally 
piovideafhiidicseal. In an altemative preferred embodiment. ti)e tubular liner 8 10 
is fomned witiiin a horizontally positioned pipeline section, such as those used to 

transport hydrocariJonsorwater.wiUi tile tubular UnerSlOplacedinanoverlapping 
relationship witfi tiie adjacent pipeline section. In tills manner, underground 
20 pipelines can be repaired wittiout having to dig out and replace Uie damaged 
sections. 

In anottier altemative preferred embodiment, tfie meUiod and apparatus 
described herein is used to directiy line a weObore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
25 the tubularliner 810 and ttie wellbore. In ttie altemative preferred embodiment, 
any number of fluidic materials can be used to expand ttie tubular liner 810 into 
intimate contact wltti ttie wellbore such as. for example, cement, epoxy, slag mix. 
or drilling mud. 

Refening now to Figs. 9. 9a, 9b and 9c. a preferred embodiment of an 
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( apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a prefened embodiment, tlie design and constmction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expaiKlible tubular member 902 preferably includes an upper portion 
9 1 0, an intermediate portion 9 1 2 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extmded off of the mandrel 
10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

Inaparticulariyprefenred embodiment, an expandable tubular member915 
is coupled to the upper portion 91 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 915 is preferably extruded off 
15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular meml>er 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 9 1 5 is greater 
than the wall thickness of the tubular meml>er 902. 

The tubular member 91 5 maybe fabricated from any numl>er of conventtonal 
20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. Inapreferred embodiment, the tubularmember 
91 5 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular meml>er 902. In a particularly 
prefenred embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 
provide approximately the same yield properties as the tubular memt>er 902. The 
tubular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 

7r\ 



^ ^"^'^f«'«<lembodlment,thec6iftblhedlength'oftf^^^ 

and 915 are limited to minimfee the possibility of budding. For typical tubular 
member mateiials. the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6.096m (40 to 20.000 feet) in length. 

5 '^«'°^«'-Portion914ofthetubularmember902ispreferablycoupledlothe 

shoe908 byathreadedconnecUon 968. The intemiediateportion912of the tubular 
member 902 preferably is placed in inUmate sLding contact with the mandrel 906 

The tubularmember902maybefabricatedfromanynumberof conventional 
commercially available materials such as. for example, oilfield tubulars. lowalloy 
10 steeb.titaniumorstainlesssteels. Inapreferredembodiment. the tubular member 

902 is fabricated from Oilfield tubulars In oixler to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particulariy 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 

from about 275.9028 to 9307.92195 bar(40.000 to 135.000psi)in order to optimally 
15 provide approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intemiediate, and lowerportions. 910. 912and914 

of the tubularmember902mayrange.for example, from about0.625to3.81cms(l/16to 
•Slnches). Inapreferredembodiment. the waUthicknessoftheupper.intem,edlate.an^ 

20 7/ 'T' '''' °' '^''^"^^ ^2 -»>0"t 0.3175 to 

20 3^75cms(I/8tol.25inches) m order to optimally provide wall thickness that are about 

thesameas the tubularmemberSIS. inapreferredembodiment. the wallUricknessof the 
lower portion 9,4 is less than or equal to ti,e wall ti,ickness of the upper portion 910in 
order to optimally provide a geometry that will fit into tight clearances downhole 

'^"°"^«'*^^'«'°f«heupper.intemiedlate.andtowerportions.9I0.9I2and914 
25 of ti,e tubular member 902 mayrange. for example. fn,m about 2.667 to 121.92 cms (1 05 

to48inches). Inapreferredembodiment. the outerdiameteroftheupper.i„tennedia.e. 

and.owerportions.9.0.912and914ofti.etububrmember902.^^^ 

48.26 cms (3 to 19 inches) in order to optimaUy provide the ability to expand the most 

commonly used oilfield tubulars. 
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^ The length of the tubular member 902 is preferably limited to between about 

0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 conunerciaUy available tubular members modified in accordance with the 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Cbuntzy Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any niunber of conventional commercially 
available tubidar members modified in accordance with the teachings of the 
10 present disclosure. In a preferred embodiment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available fi*om various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of convmtional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubtilar elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any niunber of 
conventional process such as, for example, threaded connections, welding or 
machined firom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially unnnlflr cross-section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

0<\ 
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^ embodiment, the support member 904 is fabricated from low alloy steel in order 

to optimally provide high yield strength! 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 ispreferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 962. In a preferred embodiment, the fluid 
10 passage 918 is iised to convey hardenablefluidic sealing materials to aiid^ 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
iimerstringadapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubidar member 915. 
25 The coupling922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expaxision cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934. an extension sleeve 936, a spacer 938, a holising 940^ a sealing sleeve 942, an 
^ upper cone retainer 944, a lubricator maJidrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
inn. 

10 1*«"*ber cup 926 is coupled to the retainer 924. the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 

foreign materials into the interior region 972 ofthetubularmember 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example. TP cups or Selective 
16 rejection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
_ order to optimally block foreign materials. 

In a particularly preferred embodhnent, a body of hibricant is furiiier 

providedintheinterior region 972 of the tubular member 902 in order to lubricate 
20 the interi-ace between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number ofconventional commerdaUy available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 

(3100XInaprefeiredembodiment.thelubricantcomprisesClimaxl600Antisei2e 
25 (3100) available from Climax Lubricants and Equipment Co, in Houston. TO in 

order to optimally provide lubrication to fadliate the extrusion process. ' 

The expansion cone 928 is coupled to the lower cone retainer 930. the body 
of cement 932, the lower guide 934, the extension sleeve 936. the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900. the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
^ °f«««Panfiioncone928ispreventedbythelowerconeretainer930,housing940 
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<md the upper cone retainer 944. 

The expansion cone 928 preferably hasasubslantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thicJtness of the expansion cone 928 may range, for example. 
5 fromabout0.3175to7.62cms(0.125to3lnches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compresswe strength 
with nrUnlmal material. The maximum and minimum outside diameters of the 
expansion cone 928 may range, for example, from about 2.54 to 1 1 9.38 cms (I to 
10 47 inches). In a prefeired embodiment, the maximum and minimum outside 
diameters of the expansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 1 9 
inches) in order to optimally provide expansion of generaUy available oilfield 
tubulars 

The expansion cone 928 may be fabricated from any number of conventional 
1 5 commercially available materials such as. for example, ceramic, tool steel, titanium 
orlow alloy steel. In a preferred embodiment, ttie expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of Uie outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of Uie outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwefl C in order to optimally provide high yield 
strength. In a preferred embodiment, ttie expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to tiie expansion cone 928 and ttie 
housing 940. In a prefen-ed embodiment, axial movement of Uie expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, tire lower cone retainer 
930 has a substantially annular cross-sectioa 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, ceramic, tool 
steel, titanium or low aUoy steel. In a prefened embodiment, ttie lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 



^ and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. [n a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abreision resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Altematively, aluminum, cast Iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially armular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902 . The lower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. The 
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^ outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operaUon of the apparatus 900. the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
convenUonal commercially available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from lowalloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit In a 
prefened embodiment, the extension sleeve 936 and the lower guide 934 are 
fonned as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fiuid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast iron. 
In a preferred embodiment, tiie spacer 938 is fabricated from aluminum in order 

tooptimaUyprovidedrillability. The end of ti.espacer938preferably mates witi,tf,e 
25 end oftiie extension tube 960. In a prefen-ed embodiment, the spacer 938 and Uie 
sealing sleeve 942 are fomied as an integral one-piece element in orrier to reduce 
the number of components and increase the strengtfi of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936, 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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^ The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a prefen-ed embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 
formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932, 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the appau'atus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substanUally annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In aparticularlypreferred embodiment, the spacer 938 and the sealing sleeve 
25 942 are integrally fornied as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular cross- 
section. 
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1^ The upper cone retainer 944 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimallyprovide drillabilily of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out. 

The lubricatormandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the armular region 972 for lubricating the interface between the 

15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillabilily of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross -section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 
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^ As fllustraled in Fig. 9c, me lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the nibber cup 926. The 
retainer 924 couples the njbber cup 926 to the lubricator sleeve 948. In a preferred 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946, lubricator sleeve 948, and mbber cup 926 in order to opUmally seal off the 
Interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946. the retainer 924, and 
the lubricator sleeve 948. During operaUon of the apparatus 900, the guide 950 

preferablyguidestheappaiatusonlhesupportniember904. Preferably, the guide 
10 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as. forexample. steel, aluminum or cast Iron. 
In a preferred embodiment, the guide 950 is fabricated from aluminum onler to 
optimally provide drillability of the guide 950. 

15 Thefluidpassage952iscoupledtothemandrel906. During operation of ttie 

apparatus, tiie fluid passage 952 preferably conveys hardenable fluidic materials, 
m a preferred embodiment, tiie fluid passage 952 is positioned about tiie centeriine 
of the apparatus 900. In a particulariy prefened embodiment, the fluid passage 952 

isadaptedtoconveyhardenable fluidic materials alpressures and flowrate ranging 
20 from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 Utres/minute (0 
to 3,000 gallons/min) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during tfie Installation of tfie apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of com^tional process such as. for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of tt,e 
mandrel 906 are coupled using flireaded connections and cementing. 

nie shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960. a fluid passage 962. and one or more 
outietjets 964. 

30 The housing 954 is coupled to ttie bodyofcemenl 956 and ttie lower portion 

914of Uie tubular member902. During operation of ttie apparatus 900, Uie housing 
954 preferably couples ttie lower portion of ttie tubular member 902 to ttie shoe 908 



to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provdde drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954, and the seeding sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 and 
then into the outlet jets 964 in order to inject the hau^denable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during operation of the apparatus 900, the sealing sleeve 958 further Includes an 

25 inlet geometry that permits a conventional plug or dart 974 to become lodgedinthe 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 
blocked thereby fluidicly isolating the interior region 966 of the tubularmember902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 

30 conventional commercially avculable materials such as, for example, steel, 
aluminum or cast iron. In a prefen^ed embodiment, the sealing sleeve 958 is 
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^ &bricated from aluminum in order to optimal^ provide dzillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the flxiid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an ann^tiar 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 fiirther mdudes an inlet 
10 geometiy that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidic^r isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 m order to optimally ikdliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-section. The extension tube 960 maybe fabricated from any number 
of conventional conunercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealmg sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerlme of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fix>m about 0 to 620.52813 bar (0 to 9,000 psi) and 0 tol 1356.2355 (0 to 3,000 
gallons^ain) in order to optimaUy provide fluids at operationally efficient rates. 

30 The ouUet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outiet 

_ jets 964 preferably convey hardenable fluidic material from the fluid passage 962 



^ to the region exterior ofthe apparatus 900. In a preferred embodiment, the shoe 
908 includes a pluraUty of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assemb^r 900 is operated substantially as 

described above with reference to Pigs. LS to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weUbore into a subterranean formation, 
a drill string is used in a well known manner to driU out material frem the 
15 subterranean formation to form a new section. 

The apparatus 900 for fonning a weUbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 9 15 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918 The 

hardenablefluidicsealingmaterialthenpassesfromthefluidpassage918intothe 
interior region 966 of the tubular member 902 below the mandrel 906 The 
hardenable fluidic sealing material tien pas5«s from the interior region 966 into 
the fluid passage 962. T^ie hardenable fluidic sealing material then exite the 
25 apparatus 900 via the outlet jete 964 and fills an annular region between the 
extenor of the tubular member 902 and tiieinterior wall of tiie new section of the 

wellbore. Continuedpumpingofthehardenablefluidicsealingmaterialcausesthe 
material to fiU up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

muhr region at pressu^, and flow n^tcs rangu^. for exan^le. from .bo^ 

P«) and 0 eo 567S.n77 Ii.e^« ,o to 1.500 ^ons/n^, ^ . 

the hardenable fluidic seding nu^tcrial ispun^ i„to the annular region «press«« 



^ and now rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable Huidic sealing material while not 
creaUng high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluldic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas. TX in order to opUmally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operationaldifficuIUesduring the displacementofthecementinlheannular region. 
The optimum composition of the blended cements is preferably detemiined using 
15 conventional empirical methods. 

TTie annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quanUties to ensure that, upon radial expansion of the tubular 
member 902. the annular region of the new section of the wellbore will be filled 
with hardenable material, 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealingmateria].aplugordart974.orother similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the Interior region 966 of the 
tubularmember 902from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974. orother similar device, preferably is introduced 
mto the fluid passage 962 by inu-oducing the plug or dart 974. orother similar device 
mto the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 91 5 is minimized. 
30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

membenj 902 and 915 are extnided off of the mandrel 906. The mandrel 906 may 



^ befixedoritiiwybe«5»adible. Duringtheextr^ 
iS raised out of the eq>anded poiiioiis ofthe tubular members 

thesupportmember904. Duringthisertrusionprocess, the shoe 908 is preferably 
substanidally stationaiy. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

iiitroducingtheplug or dart 974into the fluid passage918atasurface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commerxdally available devices for phigginga fluidpassage such as 
for example. Multiple Stege Cementer (MSG) latchwiown plug. Omega latch^own' 
10 PJ^or«^wiperlatehdownplugmodifiedinaccordanoewiththeteachingaof 
aaepresentdisclosux^. ^«P~fe«ed embodiment, the plug or dart 974 comprises 
al^Clatch.downph,gavailablefix»mHalIiburtonEnergyServlcesinDallas TX 
After placement of the phig or dart 974 in the fluid passage 962, the'non 
hardemible fluidic material is preferabty pmnped uxto the interior region 966 at 
15 pr^es and flowrates ranging fiomapp^^xim^^^ 

optanally extn^de the tubular members 902 and 915 off of themandrel 906 

offlie eig)and«ble mandrel wiDbcgHiw*en - • 

34.473 to 620.52813 bar rSOO to 9 ann r«^\ t ^ . »uaamy 
20 on, . ^' * '^'^ «nbodia«t. th. extrusion of the tubuhr 

members 902 and 915 offofthe mandrel 906 beirins «b wouiar 

. , ^^ *™'***»*^J»««»« Of the interior regiOT 

approxHnatcly 82.7352 to 586.041 bar (UQO to 8 500 « SOTfOOiewaes . 

poftons ofthe tubular members 902 and 915 at rM« <■ . » 

«««r.^fc„^„,0„ 0.6096m/s(0to2ft/«c)mo,dertoop.imallyp,o,id. 
P^* .P«d «,««ou«b .0 permit emciea, operation p.^, ^ l^J^^ 

^.Ur rn^tb.^ p,5 ^or curing Of the hantenable iluidic .elg J^. 

30 :^rt:'^'^'^°^'*^'""°'---~''"-«--- 
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When the upper end portion of the tubular member 915 is extmded off of the 
maiKlrel 906, the outer surface of the upper end portion of the tubular member 9 1 5 
will preferably contact the interior surface of the lower end portion of the existing 
casing to form an fluid light overlapping joint. The contact pressure of the 
5 overiapping joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure 
of the overlapping joint between the upper end of the tubular member 91 5 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10,000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that the tubular 
member 91 5 and existing wellbore casing will carry typical tensile and compressive 
loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when the mandrel 

15 906 reaches the upper end portion of the tubular member 9 15. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 

20 the mandrel 906 has completed approximately all but about the last 1 .524m (5 feet) 
of the extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controUed during all phases of the operation of the apparatus 900 to 

25 minimize shock. 

Altemath^ely, or in combination, a shock absorber is provided in the support 
member 904 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. In a prefen^ed embodiment, either before or after the removal of the 

^3 



^ mandrel 906, the integrity of the fluidic seal of the overiapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 9 1 5 and the lower portion 
5 of the existing casing is sadsfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 9 1 5 Is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annuleir region between the expanded tubular member 915 and the existing 
c£ising and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outerannularlayerof cured hardenable fluidic sealing material. The bottom portion 
15 of the apparahjs 900 comprising the shoe 908 may then be removed by driUing out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the enUre apparatus 900 from the interior of the wellbore due 
to a malfuncUon. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removal of the 
remaimng sections. In a prefened embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as. for example, cement and: 
aluminum, that permit a convenUonal drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, the 
lubricator mandrel 946, the lubricator sleeve 948, the guide 950. the housing 954. the 
body of cement 956, the sealing sleeve 958, and the extension tube 960, are 

0 selected to pennit at least some of these components to be driUed out using 
convenUonal drilUng methods and apparatus. In this manner, in the event of a 



malfunction downhole. the apparatus^ 9(/0 may' be- 'easily* removed from the 
wellbore. 

Refening now to Figs. 10a. 10b. 10c. lOd. lOe. lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. lOa.awellbore 1000 positioned in a subterranean formation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably Includes a tubular liner 1008 and a cement 
annulus lOlO Thesecond casing 1006preferablyincludes a tubular liner 1012and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9cor below with reference to Figs. 1 la-1 If. 

lnaparticulariyprefenedembodiment.anupperportion of the tubular liner 
1012 overlaps wiU, a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 Includes one or more sealing members 1016 for providing a fluidic seal 
behwen tiie tubular liners 1008 and 1012. 

Referring to Fig. 1 Ob. in order to create a tie-back liner that extends from the 
overlap between Uie first and second casings. 1004 and 1006. an apparatus 11 00 is 
preferably provided that includes an expandable mandrel or pig 1105. a tubular 

20 n^emberlll0.ashoelll5.oneormorecupsealsn20.afluidpassagell30.afluid 
passage 1 135. one ormore fluid passages 1 140. seals 1 1 45. and a support member 
1 1 SO. 

n,e expandable mandrel or pig 1105 Is coupled to and supported by the 
suppon n,ember 1150. TOe expandable mandrel 1 105 is preferably adapted to 
25 controllabl, expand In a radial direcdoa The expandable mandrel 1105 may 
comprise any number of convenUonal comn^rclally available aqandable 
mandrels modifled in accordance with the teachings of the present disclosure In 
a prefened embodiment, me expandable mandrel HQS comprises a hydreuBc 
expansion tool substanUally as disclosed in U.S. Pat No. 5.348.095. the disclosure 
30 of Which is incotporated herein by reference, modified in acccdance with the 
teachings of the present disclosure. 




, The tubular member 1 1 10 Is coupled tcrand suppcnted b^ tfte'expandable mandrel 

1 105. The tubular member 1 105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1110 may be 

fabricated from any number of materials such as. for example, Oilfield Countiy Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1 1 10 is fabricated from Oilfield Countiy Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for example, 
from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1 .05 
to 48 inches), respectively. In a preferred embodiment, the inner and outer diameters of 
10 the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 
to 40.64 cms (3.5 to 16 inches), respeclhrely in order to optimally provide coverage for 
typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid 
m«nber. 

In a preferred embodiment, the upper end portion of the tubular member 1 1 10 Is 
15 slotted, perforated, m otherwise modified to catch or slow down Uie mandrel 1 105 v^^en 
it completes the extrusion of tubular member 1 1 1 0. In a prefeired embodiment, the length 
of the tubular member 1 1 10 is limited to minimize the possibUity of buclding. For typical 
tubularmember 1 1 lOmaterials, UielengOiof the tubular member 1 1 10 is preferably limited 
to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

20 Theshoe 1115lscoupledtotheexpandablemandrel 1105andthetubularmember 

1 1 10. The shoe 1 1 15 includes the fluid passage 1 135. The shoe 1 1 15 may comprise any 
number of conventional commercially available shoes such as, for example. Super Seal II 
float shoe. Super Seal II Down-Jet float shoe or a guide shoe with a sealing sleeve for a latch 
down plug modified in accordance with the teachings of Uie present disclosure. In a 
25 prefeired embodiment, the shoe 1 1 15 comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow port 
available from HalUburton Energy Services in DaUas. TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 1 100 
to the overlap between the tubular member 1 100 and the casing 1012, optimally fluidlcly 
30 isolate the interior of the tubular member 1 100 after the latch down plug has seated, and 
optimally pemilt drilling out of the shoe 1115 after completion of the expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1115 Includes one or more side outlet 
ports 1 140 in fluldic communication with the fluid passage 1 135. In this manner, 



^ theshoelllSiiuectshardenablefluidicseiiiiipiiat^i^^ 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
^ includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a baU sealmgmember. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball seahng elements into 
tiie fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the mterior region of 
the tubular member 1110 acbacent to the expandable mandrel 1106. The cup seal 
10 1120 may comprise any number of conventional commereiaUy available cup seals 
such as. for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior regbn of the tubular member 1110 below the expandable 
- mandrel 1106. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1106. The fluid passage 1130 
20 preferably extends from a position a4jacent to the surface to the bottom of the 
expandable mandrel 1106. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drillmg mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 

25 aJidO to 620.52813 bar (0 to 9,000psi) in ordertooptimallyprovidesufficiait operating 
pressures to circulate fluids at operational efBcient rates. 

The fluid passage 1135 permitsfluidicmaterials to be transmitted fit>m fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 m fluidic 
_ communication with the interior region of the tubular member 1110 below the 

HI 
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^. expandable mandrel 1105. The fluid parages 1140 preferaftly*]iave a cross- 
sectional shape that permits a plug, or ottier similar device, to be placed in tiie fluid 
passages 1140 to thereby block Aurther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1 110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging fix>m 
about 0 to 11356.2355 litreatoinute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between flie tubular member 
1110 and the tubular liner 1008 with fluidic matmals. hi a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. Tn this manner, the fluid passages 1140 can be sealed off by introducing a plug, 
dart and/or baU seaUng elements into the fluid passage 1 130. hi a preferred embodiment, 
the ^paratus 1 100 includes a plurahty of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

0 or other similar device, to permit the interior region of the tubular member 1110 
to be fluididy isolated from the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

1 overlapping jomt between the upper end portion of the casmg 1012 and the lower 
end portion of the tubular member 1110 to be fluidicfcr sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rabber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disdosure. In a preferred 
embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from HaUiburton Energy Services in Dallas, TX in order to optimally provide a 
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^ hy«iraulfcsealintheoverl^uigjomtandoirta^^ 
to withstand the range of typical tensile and compressive loads. 
^ In a preferred embodiment, the seals 1145 are selected to optimally provide 

asuffident frictionallbrce to support the expanded tubularmemberlllOfromthe 
6 tubular liner 1008. In apreferredembodiment, the Actional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947^7 bar (1.000 to 1.000. 000 Ibf) in tensioa and 
conqwession in order to optinjally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the weUbore 1000. In a preferred embodiment, the support 
member 1150 flirther includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantify of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1106 within the interior of the 
tubular member 1110. In this manner, the extrusion ofthe tubular member 1110 
_ expandable mandrel 1106 is facilitated. The lubricant 1150 may 

comprise any nmnber of conventional conunercially available lubricants such as, 
for example Lubriplate™. chlorine based lubricants or Cliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimaUy provide lubrication for the extrusion process. 

In apreferredembodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 ^aanner.theintroductionofforeignmaterialintotheapparatusllOOisminimized 
This minimizes the possibihiy of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no fordgn material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particular^ preferred embodiment, the apparatus 1100 indudes a 
30 padter 1166 coupled to the bottom sertion of the shoe 1115 for fluididy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this mamier. iluidic 
^materials are prevented from entering the region of the wellbore 1000 below the 



^ apparatus 1 100. The packer 1 155 mriy (lompriie L^r ^^hii of convenUonal 
commercially available packers suchas, for example. EZ Drill Packer. EZ SVPacker 
or a drillable cement retainer. In a piefeired embodiment, the packer 1 155 
comprises an EZ Drill Packer available from Halliburton Energy Sendees in Dallas, 

5 TX Inanaltemativeembodiment,ahighgelstrengthpiIImaybesetbelowthetie- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100. a couple of weUbore volumes are circulated in order to 
10 ensure that no foreign materials are k>cated within the wellbore 1000 that might 
ctog up the various How passages and valves of the apparatus 1 1 00 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
15 pumpedfromasurfacelocationintothefluidpassageI130. TTie material 11 60 then 
passes from the fluid passage 1 1 30 into the interior region of the tubular member 
1110 below the expandable mandrel 1 1 05. The material 1 1 60 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 

maieriaI1160 then exits theapparatusllOOand fins the annularregion between the 
20 exterior of the tubular member 1 1 10 and the interior waU of the tubular Uner 1008. 
Continued pumping of the material 1 160 causes the material 1 160 to fiH up at least 
a portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 

25 0to5678.1l77 litres/minute (Otol.500gallons/min),respecUvely. Inapreferred 
embodiment, the material H 60 is pumped into the annular region at pressures and 
flow rates specifically designed for the casing sizes being mn. the annular spaces 
being filled, the pumping equipment available, and the properties of ttie fluid being 
pumped. The optimum flow rates and pressures are preferably cakulated using 

30 conventional empirical meUuxls. 
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^ The hardenable fluidic sealing material 1 1 6o may coiTiprfse any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specificcilly 
5 designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably detennined using 
1 0 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure tiiat, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 1 1 65, or other similar devices, preferably are 
introduced into the fluid passages 1 140 thereby fluidicly isolating tiie interior region 
of the tubular member 1110 from the annular region external to the tubular member 
1110. In a prefen^ed embodiment, a non hardenable fluidic material 1 161 is ttien 
pumped into the interior region of tiie tubular member 1110 below tiie mandrel 
10 1105 causing the interior region to pressurize. In a particularly prefen^d 
embodiment, the one or more plugs 1 1 65, or other similar devices, are introduced 
into Uie fluid passage 1 140 witii ttie intix)duction of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of ttie tubular member 1 1 1 0 is minimized. 
5 As illustrated in Fig. lOe, once Uie interior region becomes sufficienUy 

pressurized, the tubular member 1 1 10 is extmded off of the expandable mandrel 
1 105. During the extnjsion process, the expandable mandrel 1 105 is raised out of 
tile expanded portion of tiie tubular member 1110. 

The plugs 1165 are preferably placed into tiie fluid passages 1140 by 
» introducing tfie plugs 1 165 into the fluid passage 1 130 at a surface locaUon in a 
conventional manner. The plugs 1 1 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
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brass balls, plugs, mbber balls, or darts modified in acccHdance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density mbber 
balls. In an alternative embodiment, for a shoe 1 1 05 having a common central Inlet 
5 passage, the plugs 1 165 comprise a single latch down dart. 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 ISlis preferably pumped into the interior region of the tubular memba 
11 10 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13,562.355 litres^minute (40 to 
10 30,000 gallons/min). In a prefened embodiment, after placement of the pli^s 1 165 in the 
fluid passages 1 140, the nonhardenable fluidic material 1161 ispreferablypumpedintothe 
interior region of the tubular member 1110 below the mandrel 1 105 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 151.4164 to 
473 1 .7648 litres/minute (40 to 1250 gallons/min) in order to optimal^ provide extrusi(Mi of 
15 typical tubulars. 

For typical tubular members 1 1 1 0, the extrusion of the tubular member 1110 
off of the expandable mandrel 1 105 will begin when the piessuie of the interior 
region of ttie tubular member 1110 below the mandrel 1 1 05 reaches, for example, 
approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred 

20 embodiment, the extrusion of the tubular member 1 1 10 off of the expandable 
mandrel 1105 begins when the pressure of the Interior region of the tubular 
member 1110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 

25 out of the expanded portion of the tubular member 1 1 10 at rates ranging, for 
example, from about 0 to 1.524 nVs (0 to 5 ft^sec). In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1 105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 n/sec) In order to optimally provide permit adjustment of 

30 operaUonal parameters, and optimally ensure that the extrusion process will be 
completed before the material 1 160 cures. 

In a prefenred embodiment, at least a portion 11 80 of the tubular member 
1 110 has an internal diameter less than the outside diameter of the mandrel 1 105. 
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In this manner, v^en the mandrel 1 fOS eiq>ands the section 1 180 of the tubular 
member 1 1 10, at least a portion of the expanded section 1 1 80 effects a seal with at 
least the wellbore casing 1012. In a particularly preferred embodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
5 the wellbore casing 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded secUon 1 180 of the tubular member 1 1 10 and the 
casing 1012rangesfromabout34.473785to689.67S7bar(500to 1 0.000 psi) in oider 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
10 and compressive loads. 

In an altematWe prefened embodiment, substantially all of the entire length 
of the tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this meinner, extmsion of the tubular member 1 1 1 0 by the 
mandrel 1 105 results in contact between substantially all of the expanded tubular 
1 5 member 1110 and the existing casing 1 008. In a prefen-ed embodiment, the contact 
pressure of the joint between the expanded tubular member 1110 and the casings 
1008 and 1012 ranges firom about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing members 1145 and 
provide q[>timal resistance to ensure that the joint will withstand typical extremes 
20 of tensile and compresshre loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extmsion of the tubular 
25 member 1 1 1 0 off of the expandable mandrel 1 1 05 can be minimized. In a preferred 
embodiment, the operating pressure of the fluidic material 1 161 is reduced in a 
substantially linear fashion from 1 00% to about 1 0% during the end of the extmsion 
process beginning when the mandrel 1 105 has completed approximately all but 
about 1. 524m (5 feet) of the extrusion process. 
30 Altemath^ely, or in combination, a shock absorber is provided In the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 
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^ Alternatively, or in combination, ^fnahdrei catclung slrudture isprovided in 

the upper end portion of the tubular member 11 1 0 in order to catch or at least 
decelerate the mandrel 1105. 

Referring to Fig. lOf. once the extrusion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint betv^een the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 
tubular member 1 1 1 0 is then removed in a conventional manner. The material 1 1 60 
within the annular region between the tubular member 1110 and the tubular liner 
1008 is then allowed to cure. 
1 5 As illustrated in Fig. 1 Of, preferably any remaining cured material 1 1 60 within 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a convenUonal drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1110 and an outer annular 
layer 11 75 of cured material 1 160. 
20 As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 1 100 

comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out the shoe 1115 and packer 1 155 using conventional drilling methods. 

In a particulariy preferred embodiment, the apparatus 1 1 00 incorporates the 
apparatus 900. 

25 Referring now to Figs. 1 1 a- 1 1 f, an embodiment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 1 1 a, a wellbore 1 200 is positioned in a subterranean formation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1 200 into the subterranean fomnation 1 205, 

a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1 205 to form a new section 1 230. 



^ As illustrated In Fig. 1 lb, an api«fehb 1300 foWonnihg a wellbore casing In 

a subterranean formation is then posidoned In the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably Includes an expandable mandrel or pig 1305, 
a tubular member 1310, a shoe 1315. a fluid passage 1320, a fluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 Is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a prefened 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348.095, the disclosure of which is 
incorporated herein by reference, modified in accordance witti the teachings of tiie 
present disclosure. 

15 The tubular member 1310 is coupled to and supported by ihe expandable mandrel 

1305. The tubularmemberl310is preferably expanded iritheradialdirecUonandextruded 
offofthe expandable mandrel 1305. The tubular member 13 10 may be fabricated from any 
number of materials such as. for example. Oilfield Country Tubular Goods (OCTG). 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
member I310mayrange. for example, from approximately 1.905 to 1 19.38 cms (0.75 to47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a prefened 

embodiment, the Inner and outer diameters of the tubularmemberl310range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64cms (3.5 to 16 inches), respect^ely in 

25 ordertooptimallyprovidemlnimaltelescopingelfectlnthemostconunonlyencountered . 
wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 
1355. an intermediate portion 1360. and a lower portion 1365. In a preferred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 •310rangefromabout0.375to3.81cms(3/8tol !4inches)and8.89to40.64cms(3V4to 
16 inches), respectively. In a prefened embodiment, the wall thickness and outer 
diameter of the intennediate portion 1360 of the tubular member 1310 range ftom about 
1.5825 to 1.905 cms 
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(0.625 to 0.75 inches) and 7.62 to 48.2G'c'm5 (3 to IS inches), 'respectively. In a 
prefenred embodiment, the wall thickness and outer diameter of the lower portion 
1365 of the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 
inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a partlculariy preferred embodiment, the wall thiclcness of the 

intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimal^ faciliate the initiation of the extrusion process 
aitd optimally permit the placement of the apparatus in areas of the wellbore havii^ 
10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1 355 of the tubular member 1 3 1 0 is 
slotted, perforated, or othenvise modified to catch or slow down the mandrel 1 305 
when it completes the extrusion of tubular member 1310. In a preferred 
15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckUng. For typical tubular member 1310materials, the length of tiie 
tubular member 1310 is preferabty limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to ttie tubular member 1310. The shoe 1315 
20 preferablyincludesfluidpassagesl330andl335. Theshoe 131 5 may comprise any 
number of conventional commercially available shoes such as, for example. Super 
Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe witti a sealing 
sleeve for a latch-down plug modified in accordance with ttie teachings of ttie 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminumdown-jetguideshoewittiaseaKngsleeveforalatch-downplugavailable 
from Halliburton Energy Sendees in Dallas, TX, modified in accordance witii tfie 
teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicly isolate tiie interior of Uie tubular 
member 1310, and optimaUy pemiit ttie complete drill out of ttie shoe 1315 upon 
30 ttie completion of ttie extrusion and cementing operations. 

In a prefenred embodiment, ttie shoe 1315 furttier includes one or more side 
outtet ports In fluidic communicatfon witti ttie fluid passage 1330. In ttiis manner, 
tfie shoe 1315 preferably injects hardenable fluidic sealing material Into ttie region 



^ outside the shoe 1315 and tubular memberlSIO.' In dprefki^ed embodiment, the 
shoe 1315lncludes the fluid passage 1330 having an inJetgeometiy that can receive 
a fluidic sealing member. In this manner, the fluid passage 1330 can be sealed off 
by intiodudng a plug, dart and/or ball sealing elements into the fluid passage 1 330. 
5 The fluid passage 1 320 pennits fluidic materials to be transported to and from 
the interior region of the tubular member 1310 belovv^ the expandable mandrel 1 305. 
The fluid passage 1320 Is coupled to and positioned within the support member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1300. The fluid passage 1320ispreferablyselected to transport materials 
such as cement, drilUng mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Ktres/mlnute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9.000 psi) In order to opUmally provide sufficient operating pressures to 
15 circulate fluids at operaUonally efficient rates. 

The fluid passage 1 330 pemiits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 Is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1 330 preferably has a cross-sectional shape that 
permitsaplug.orother similar device, to be placed in fluid passage 1330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This pemiits the 
25 Interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305tobepressurized. The fluid passage 1330 is preferably positioned substantially 
along ttie centeriine of the apparatus 1300. 

nie fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of tfie wellbore 1200 with fluidic materials. In a 
preferred embodiment, the fluid passage 1330 
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includes an inlet geometiy that can r^cfcive a dart and/or a l>aU sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 pemiits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. Ihe fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 1 1 356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.528 13 bar (0 to 
9,000 psi) in order to optimally All the annular region between the tubular member 1310 
and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
of the hibular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1310. The seals 1 340 
permit the overlappirig joint between the lower end portion of the casing 1215 and 
theupperportion 1 355 ofthe tubular member 1310 to t>efluidicly sealed. Theseals 
1 340 may comprise any number of conventional commercially available seals such 
as, for example, lead, mbber, Teflon™, or epoxy seals modified in accordance with 

20 the teactungs of the present disclosure. In a prefenred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the armulus 
of the overlapping joint while also creating optimal load bearing capability to 
withstand typical tensile and compressK^e loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictionai force to support the expanded tubular member 1310 from the 
existing casing 1215. In a prefen-ed embodiment, the frictionai force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 IbO 
in order to optimally support the e;q>anded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, and seals 1340. The support meml>er 1345 preferably comprises 
an annular member having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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Y embodiment, the support member 1 345 ftirthier IncIudeVone ot mdre conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300, In this manner, 
5 the introduction of foreign material into the apparatus 13D0 is minimized This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1 300 and to ensure that no foreign material interferes with 
the expansion process. 

Thewiperplug 1350 is coupled to the mandrel 1305 within the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparahjs 1 300 and to ensure that no foreign material interferes with the extmsion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface locaUon into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1310andtheinteriorwallofthenewsectionl230ofthewellbore 1200. Continued 
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^ pumping of the material 1380 causes thcimalerial ISSb- to fiflnip at least a portion 
of the annular r^ion 1390. 

The material 1 380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 Utres/minute (0 to 1,500 gallons/min), respecUvely. In a 
preferred embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73875 bar CO to 5000 psI) 
and 0 to 5678.1 177 litres/minute (0 to 1,500 gallons/mln), respecthrely, In order to 
optimally fiU the annular region between the tubular member 1310 and the new 
10 section 1230of the wellbore 1200 with the haidenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
15 specifically for tiie well section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for ttie tubular member 1310 during 
displacement of tt\e material 1380 In tiie annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical metiuxls. 
Theannularregion 1390 preferably is filled vtnthttie material 1380 In sufficient 
20 quantities to ensure ttiat, upon radial expansion of ttie tubular member 1310. the 
annular region 1390 of tiie new section 1230 of tiie wellboie 1200 will be fiUed with 
material 1380. 

As illustrated in Fig. 1 Id, once tiie annular region 1390 has been adequately 
fined with material 1380. a wiper dart 1395, or ottier similar device, is introduced 
25 into Oie fluid passage 1320. The wiper dart 1395 is preferablypumpedttirough tiie 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
tiien preferably engages ttie wiper plug 1350. 

As illustrated in Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 witti the wiper plug 1350 causes ttie wiper plug 1350 to decouple 
30 from ttie mandrel 1305. TTie wiper dart 1395 and wiper plug 1350 ttien preferably 
wiU lodge in tiie fluid passage 1330, tiiereby blocking fluid flow tiirough ttie fluid 



^VBSBBge 1330, and fhiidicly isolating th0*ilitkrior regiob 137D of the tubular 
member 1310 item the annulflr region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional conamerdally available devices from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch*^own plugs, Omega latch-down plugs 
or three wiper latch-down plug^dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
^ Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fhiid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 Uti^Ns/minute (0 to 
1500 gaUoDs/min) in order to optimally extmde the tubularmember 1310 off of the 
mandrel 1305. In tUs mamier, the amount of hardenable fluidic material within the 
2g intenoT of the tubular member 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non hardenable 
fluidic raatcriaJ 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 litres/minute (40 to 3,000 galWmin) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 i'^oix^rating parameters during the extrusion process. 



For typical tubular members 1310, tte extrusion of the tubfllar Aiember 1310 off of 
the expandable mandrel \3GS will begin when the pressure of the interior region 1370 
reaches, for example, approximately 34.473 to 620.52813 bar (500 to 9.000 psi). In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the expandable 
5 mandrel 1305 is a function of the tubular member diameter, wall thickness of the tubular 
member, geometry of the mandrel, the type of lubricant, the composition of the shoe and 
tubular member, and the yield strength of the tubular member. The optimum flow rate and 
operating pressures are preferably determined using conventional empirical methods. 
During the extrusion process, the expandable mandrel 1305 may be raised out of 
10 the expandedportion of the tubular member ISlOatratesranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 ft/sec) in order to optimally 
provide an efficient process, optimally permit operator adjustment of operation parameters, 
1 5 and ensure optimal completion of the extrusion process t>efore curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1 3 1 0 is extmded off of the 
expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 
member 1310 will preferably contact the interior surface of the lower end portion of the 
casing I215toforman fluid light overiapping joint The contact pressure of the overiapping 
20 joint may range, for example, from approximately 3.447379 to 1,278,9514 bar (50 to 20,000 
psi). In a preferred embodiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
withstand typical tensile and compressive loads. In a particularly preferred embodiment, 
25 the sealing members 1340 will ensure an adequate fluidic and gaseous seal in the 
overiapping Joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% 
to about 1 0% during the end of the extmsion process beginning when the mandrel 1 305 has 
completed approximately aU but about L524m (5 feet) of the extrusion process. 
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f Alternatively, or in combination, a shodc absioiMr is pVovided in the support 

member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching stmcture is provided in 
5 the upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extnision process Is completed, the expandable mandrel 1305 is 
removed from the wenbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

10 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of tfie casing 1215 is tested using conventional methods. If ttie 
fluidic seal of Uie overlapping joint between Uie upper portion 1355 of the tubular 
member 1310 and ttie lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 wdthin the expanded tubular member 1310 is 

15 ttien removed in a conventional manner. The material 1380 within ttie annular 
region 1390 is then allowed to cure. 

As iUustrated in Fig. 1 If, preferably any remaining cured material 1380wittiin 
ttie interior of ttie expanded tubularmember 1310isttien removed Inaconventional 
manner using a conventional drill string. The resulting new section of casing 1400 
20 includes tiie expanded tubular member 1310 and an outer annular layer 1405 of 
cured material 305. The bottom portion of ttie apparatus 1300 comprising tfie shoe 
1315 may ttien be removed by drilling out ttie shoe 1315 using conventional drilUng 
methods. 

A method of creating a casing in a borehole located in a subtenanean 
25 fomiation has been described ttiat Includes installing a hibular liner and a mandrel 
in ttie borehole. A body of fluidic material is ttien injected into ttie borehole. The 
tubular Uner Is ttien radially expanded by extruding ttie Uner off of ttie mandrel. Hie 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between ttie borehole and ttie exterior of tiie tubular Oner; 
30 and a non hardenable fluidic material into an Interior region of ttie tubular Uner 



^ below the mandrel. The method preferably mchidies flbidicl^'isotating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 
prefeiably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 litiesAninute (40 to 
3,000 gallons/min). The injecting of the non hardenable fluidic material is preferably 
1 0 provided at reduced operating pressures and flow rates during an end portion of the 
extruding. The non hardenable fluidic material is preferably injected below the 
mandrel. The method preferably includes pressurizing a region of the tubular Uner 
below the mandrel. The region of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 
15 psi). The method preferably includes fluidicly isolating an interior region of the 
tubular Uner from an exterior region of the tubular liner. The method ftjrther 
preferably includes curing the hardenable sealing material, and removing at least a 
portion of the cured sealing material located within the hibular liner. The method 
ftirther preferably includes overtapping the tubular liner with an existing wellbore 
20 casing. The method further preferably includes sealing the overiap between the 
tubular liner and the existing weUbore casing. The method hirUier preferably 
includes supporting the extruded tubular Uner using tiie overiap witfi the existing 
wellbore casing. The method frjrther preferably Includes testing tiie integrity of tiie 
seal in the overiap between ttie tubular Uner and ttie existing weUbore casing. The 
25 mettiod lurtfier preferably Includes removing at least a portion of ttie hardenable 
fluidic sealing material wittiin ttie tubular liner before curing. The mettiod further 
preferably includes lubricating ttie surface of Uie mandrel. The mettiod further 
preferably includes absortiing shock. The mettiod further preferably includes 
catching ttie mandrel upon ttie completion of ttie extruding. 

30 



An apparatus for creating a casing in<a1l7orehole ldcated*in a* subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first flxiid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubidar member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member fiuther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adi^ted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fsbricated from materials selected from the group consisting of Oilfield 
Cotmtry Tubular Groods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular xz^einber preferably has inner and outer diameters ranging firom about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40:64 cms (3.5 to 16 inchesX respectively. The tubular member preferably has a plastic 
yield pomt ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubular 

member preferably includes one or more ly-AliTig members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubidar member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
- tubidar member is preferably provided at operating pressures ranging from about 



34.473 to 620.52813 bar (500 to 9,000 psO- "Hw pressunong the portio»of &e*inicric»r regioB of the 
second tubidar member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method fUrther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creatinganew section of wellbore casing in a subterranean 
10 formation a4iac6nt to an already existing section of wellbore casing has been 
described that inchides an annular member. The azmular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 anntdar body of a cured fhiidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner ofif of a mandrel. The tubtilar liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an Hnnnlar 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures rangiag from about 34.473 to 620.528 13 bar (500 to 9,000 psi). Hie tubular liner prefeiably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably fitrther 
includes a seal positioned in ihe overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubidar liner and a mandrel 
within the wellbore casing, ii\jecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



^ <%xpandmg the liner in the borehole by extfUdid^ the liner off oT the mandrel In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes flmdicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34,473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 113562.355 
litres/minute (40 to 3,000 gallons/min). In a prefixed cmbodimenl, the injecting of tbe body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below 

a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressiizes ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
^ casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method fUrther includes lubricating the sur£Eu:e of the 
mandrel. In a preferred embodiment, the method flirther includes absorbing 
shock. In a preferred embodhnent, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method flutherindudesexpandmg the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizinganmteriorportionofthe tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior poitton Of the tubdiar liner ii fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 bar (500 to 9,000 psi). In a prefen^ed embodiment, the annular body of a 
5 cured fluidic sealing material is formed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region t>etween the existing 
wellbore caslr^ and the tubular liner. In a preferred embodiment, the tubular liner 
overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

10 and the other existing wellbore casing. In a preferred emtxxliment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support meml>er, a mandrel, a tubular member, and a shoe. The 
support meml>er includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing memt)er. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior portion 
of the shoe includes a tubular member, and a load l)earing member. Preferably, the 
load bearing member comprises a drillable body. Preferably, the exterior portion 
of the mandrel comprises an expansion cone. Preferably, the expansion cone is 
fabricated from materials selected from the group consisting of tool steel, titanium, 
and ceramic. Preferably, the expansion cone has a surface hardness ranging from 
about 58 to 62 Rockwell C Preferably at least a portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, charges and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
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Accordingly, it is appropriate that the ai>'{5ended claim's be construed broadly and . 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A wellbore casing, comprising: 

a tubular liner, the tubular liner formed by the 
5 process of: 

placing the tubular liner and a mandrel within the 
wellbore; 

pressurising an interior portion of the tubular 
liner by injecting a fluidic material into the interior 
10 portion of the tiibular liner through the interior of 
the mandrel; and 

extruding the tubular liner off of the mandrel; 

and 

an annular body of a cured fluidic sealing 
15 material coupled to the tubular liner; 

wherein during the pressurising the interior 
portion of the tubular liner is fluidicly isolated from 
an exterior portion of the tubular liner. 

20 2. The wellbore casing of claim 1, wherein the 

interior portion of the tubular liner is pressurised at 
pressures ranging from 34.473 to 620.52813 bar (500 to 
9,000 psi) . 



25 3. The wellbore casing of claim 1, wherein the 

annular body of a cured fluidic sealing material is 
formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into an annual region external of the tubular 

30 liner. 



4. The wellbore casing of claim 1, wherein the 
tubular liner overlaps with an existing wellbore 
casing. 

35 



5. The wellbore casing of claim 5, further comprising a seal positioned in 
the overlap between the tubular liner and the existing wellbore casing. 

6. The wellbore casing of claim 4, wherein the tubular liner is supported by 
the overlap v^th the existing wellbore casing. 

7. A wellbore casing for placement within a wellbore, comprising: 

a tubular liner that overlaps with an existing casing within the well, the 
tubular liner formed by the process of: 

extruding the tubular liner off of a mandrel within the wellbore by 
injecting a fluidic material into the tubular liner through the interior of the 
mandrel and pressurising an interior portion of the tubular liner; 

a seal positioned in the overlap between the tubular liner and the 
existing wellbore casing; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising the interior portion of the tubular liner is 
fluidiciy isolated from an exterior portioi j of the tubular liner. 

8. A wellbore casing for placement wiihin a wellbore, comprising: 
a tubular liner, the tubular liner formed by the process of: 

placing the tubular liner and an expansion device within the wellbore; 

pressurising an interior portion of the tubular liner by injectir^ a fluidic 
niaterial into the interior portion of the tubular liner through the interior of the 
expansion device; and 

radially expanding the tubular liner usi;ig the expansion device; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising, the interior portion of the tubular liner is 
fluidiciy isolated from an exterior portion of the tubular liner. 

9. A wellbore casing for placement within a wellbore, comprising: 



-71 



a tubular liner that overlaps with an existing casing within the wellbore, 
the tubular liner formed by the process of: 

radially expanding the tubular liner within the wellbore using an 
expansion device by injecting a fluidic material into the tubular liner through 
the interior of the expansion device and pressurising an interior portion of the 
tubular liner, 

a seal positioned in the overlap l>etween the tubular liner and the 
existing wellbore casing; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

linen 

wherein during the pressurising the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular liner. 

1 0. A wellbore casing for a wellbore. comprising: 

a tubular liner, the tubular liner formed by the process of: 
expanding an ejq[>andable tubular using an expansion device within the 
wellbore by injecting a fluidic material Into the expandable tubular through the 
interior of the expansion device and pressurising an interior portion of the 
expandable tubulan and 

an annular body of a cured fluidic sealing material coupled to the tubul .r 

liner; 

wherein the expandable tubular comprises: 

a flrst tubular portion having a first inside diameter; 

a second tubular portion having a second inside diameter, 

the first inside diameter beii^ greater than the second inside diameter; 

an intermediate tapered tubular portion for coupling the first and second 
tubular portions to each other, and 

wherein during the pressurising the interior portion of the expandable 
tubular is fluidicly isolated from an exterior portion of the expandable tubular. 

1 1 . The wellbore casing of claim 9, wherein the first tubular portion has a 



first wall thickness; wherein the second tubular portion has a second wall 
thickness; and wherein the first waO thickness is less than the second wall 
thickness. 

12. The wellbore casing of claim 9, wherein the second tubular portion 
includes one or more radial passages. 
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